A Critical Evaluation of In Vitro Hesperidin 2S Bioavailability in a Model Combining Luminal (Microbial) Digestion and Caco-2 Cell Absorption in Comparison to a Randomized Controlled Human Trial.
Bioavailability strongly determines polyphenol bioactivity, and is strongly influenced by food matrix, enzymatic and microbial degradation, and gastrointestinal absorption. To avoid human trials for pre-screening of polyphenol bioavailability, studies have focused on in vitro model development. Nevertheless, their predictive value for bioavailability can be questioned. We used the orange flavonoid hesperidin 2S to validate a model combining digestion in the simulator of the human intestinal microbial ecosystem (SHIME) and Caco-2 cell transport, with a human intervention study. In vitro, hesperidin was resistant to degradation in the stomach and small intestine, but was rapidly deconjugated on reaching the proximal colon. Extensive and colon-region-specific degradation to smaller phenolics was observed. Hydrocaffeic and dihydroisoferulic acid accumulated in proximal, and hydroferulic acid in distal colon. Caco-2 transport was the highest for dihydroisoferulic acid. In humans, plasma and urine hesperetin-glucuronide levels increased significantly, whereas the impact on small phenolics was limited. In the combined in vitro model, smaller phenolics strongly accumulated, whereas in humans, hesperetin conjugates were the main bioavailable compounds. Future in vitro model development should focus on simulating faster polyphenol absorption and elimination of smaller phenolics to improve their predictive value of in vivo polyphenol bioavailability.